Open and laparoscopic treatment of median arcuate ligament syndrome  by Jimenez, Juan Carlos et al.
EVIDENCE SUMMARY
Peter F. Lawrence, MD, Section Editor
Open and laparoscopic treatment of median
arcuate ligament syndrome
Juan Carlos Jimenez, MD, Michael Harlander-Locke, BS, and Erik P. Dutson, MD, Los Angeles, Calif
Background: Median arcuate ligament syndrome (MALS) is a syndrome associated with chronic abdominal pain and
radiographic evidence of celiac artery compression. We compared the evidence for both open and laparoscopic treatment
of patients with MALS.
Methods: We reviewed the English-language literature between 1963 and 2012. Presenting symptoms, clinical improve-
ment, operative details, and intraoperative and postoperative complications were noted.
Results: A total of 400 patients underwent surgical (open and laparoscopic) treatment for MALS. Three hundred
thirty-nine patients reported immediate postoperative symptom relief (85%). Late recurrence of symptoms was reported
in 19 patients in the open group (6.8%) and seven patients in the laparoscopic group (5.7%). Eleven out of 121 patients
(9.1%) in the laparoscopic group required open conversion secondary to bleeding.
Conclusions: The available evidence demonstrates that both laparoscopic and open ligament release, celiac ganglionec-
tomy, and celiac artery revascularization may provide sustained symptom relief in the majority of patients diagnosed with
MALS. The role of arterial revascularization following ligament release remains unclear. The rate of open conversion with
the laparoscopic approach is high, but no perioperative deaths have been reported. (J Vasc Surg 2012;56:869-73.)
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fFew disease processes have raised controversy within
the field of vascular surgery more than median arcuate
ligament syndrome (MALS). Also known as celiac artery
compression syndrome and Dunbar’s syndrome, its patho-
physiology is poorly understood, and its existence as a
clinical syndrome has been questioned due to the variability
of patient presentation and a response to treatment that is
difficult to predict. This article represents a summary of the
published literature on MALS since its first description in
1963 to the present day.
METHODS
We performed a review of the English-language litera-
ture between 1963 and 2012 using aMedline and reference
list search. The keywords used were celiac artery compres-
sion, celiac band compression, MAL compression, and
Dunbar’s syndrome. Case series containing less than three
patients and individual case reports were excluded. Patients
within reported series were excluded if they did not un-
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http://dx.doi.org/10.1016/j.jvs.2012.04.057ergo surgical intervention. We divided the patients into
wo groups: laparoscopic and open MAL release. Present-
ng symptoms, clinical improvement, operative details, and
ntraoperative and postoperative complications were noted.
ESULTS
We identified 20 retrospective studies that reported the
linical outcomes following surgical treatment of MALS in
he English-language literature.1-20 Thirteen reported the
esults of open surgical division of the MAL, with and
ithout arterial reconstruction1-13 (Table I). Seven pub-
ished studies reviewed outcomes following laparoscopic
ivision of the MAL14-20 (Table II). One clinical paper
ompared the results of both laparoscopic and open ap-
roaches at the same institution.17
A total of 400 patients underwent surgical treatment
or MALS. All patients underwent either laparoscopic or
pen MAL division (open, n  279; laparoscopic, n 
21). Seventy patients (25%) in the open series underwent
oncomitant arterial reconstruction. Eleven patients (9%)
nderwent celiac artery angioplasty and stenting following
aparoscopic MAL release (Table III). Other concomitant
r subsequent procedures reported following laparoscopic
AL division were celiac angioplasty alone (n  3; 2.5%),
epatic artery angioplasty (n 1; 0.8%), open patch angio-
lasty of the celiac artery (n  1; 0.8%), and aortoceliac
ypass (n 1; 0.8%). Follow-up in the open group ranged
rom 10 to 229 months, and in the laparoscopic group, it
as between 6 and 44 months.
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postoperative outcomes. The most common presenting
symptom for patients undergoing both treatment modali-
ties was abdominal pain (n  321; 80%; Table IV). Addi-
tional signs and symptoms included weight loss (n  192;
48%), abdominal bruit (n  139; 35%), nausea (n  39;
9.7%), and diarrhea (n  30; 7.5%). Three hundred thirty-
nine patients reported immediate postoperative symptom
relief (85%). This included 218 out of 279 patients in the
open group (78%) and 116 out of 121 in the laparoscopic
group (96%). Late recurrence of symptoms was reported in
19 patients in the open group (6.8%) and seven patients in
Table I. Published series’ reporting results following open
Study first author Year Patients
Mean follow-up
(months)
Lig
re
Tulloch AW et al 2010 6 10
Grotemeyer D et al 2009 18 41
Mensink RB et al 2006 29 39
Schweizer P et al 2005 8 Range, 36-216
Geelkerken RH et al 1990 11 229
Williams S et al 1985 11 24
Reilly LM et al 1984 51 108
Rogers DM et al 1981 8 60
Plate G et al 1980 15 Range, 18-114
Watson WC et al 1977 20 27
Evans WE 1974 47 Range, 36-132
Stanley JC et al 1971 12 Range, 4-42
Marable SA et al 1968 30 31
Dunbar JD et al 1965 13 10
Totals 279 2
Table II. Published series’ reporting results following lapa
Study first author Year Patients
Mean
follow-up
(months)
Conversion
to open
Bernard X et al 2012 11 35 2
Aschenbach R et al 2011 22 NA 0
Tulloch AW et al 2010 12 14 2
Van Petersen AS et al 2009 42 20 1
Baccari P et al 2009 16 28 2
Roseborough GS 2009 15 44 4
Vaziri K et al 2008 3 6 0
Totals 121 11
Table III. Additional procedures performed on patients
who underwent laparoscopic celiac artery decompression
Additional procedures Laparoscopic
Celiac angioplasty and stenting 11
Celiac angioplasty alone 3
Hepatic artery angioplasty 1
Aortoceliac artery bypass graft 1
Patch angioplasty 1the laparoscopic group (5.7%). rAngiography using inspiratory and expiratory views was
he most common reported imaging modality used to
iagnose MALS (open, n  135; laparoscopic, n  60).
ltrasound (open, n  60; laparoscopic, n  70) was also
requently used. Computed tomography (open, n  5;
aparoscopic, n 4) and magnetic resonance (open, n 3;
aparoscopic, n 0) were less commonly used to make the
iagnosis. In one study reporting outcomes following open
AL release, gastric exercise tomography was used for
reoperative diagnosis and postoperative evaluation in 29
atients.12 It should be noted, however, that not all lapa-
ase of the median arcuate ligament (MAL)
t Arterial
reconstruction
Immediate
symptomatic
improvement
No
immediate
symptomatic
improvement
Recurrence
of
symptoms
2 5 1 3
7 14 4 0
7 24 5 0
0 8 0 0
0 11 0 3
7 9 2 1
35 30 14 14
1 6 2 0
0 10 5 NA
11 18 2 1
0 39 8 NA
2 9 3 0
0 27 3 NA
0 13 0 NA
72 223 49 22
opic release of the median arcuate ligament (MAL)
ment
ase
Arterial
reconstruction
Immediate
symptomatic
improvement
No
immediate
symptomatic
improvement
Recurrence
of
symptoms
1 0 10 1 1
2 0 22 0 NA
2 0 12 0 5
2 0 41 1 NA
6 3 14 2 0
5 0 14 1 1
3 0 3 0 0
1 3 116 5 7
able IV. Presenting symptoms for patients with median
rcuate ligament syndrome (MALS) in published series
ymptoms Open Laparoscopic
eight loss 107 85
iarrhea 15 15
ostprandial/epigastric pain 202 119
ausea 28 11
bdominal bruit 124 15rele
amen
lease
6
18
29
8
11
11
51
8
15
20
47
12
30
13rosc
Liga
rele
1
2
1
4
1
1oscopic and open series contained data regarding preop-
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underreported.
Eleven out of 121 patients (9.1%) in the laparoscopic
group required open conversion secondary to bleeding.
Intraoperative complications in the laparoscopic group in-
cluded visceral artery bleeding (n  5; 4.1%), pneumotho-
rax (n  3; 2.5%), aortic bleeding (n  2; 1.7%), and
phrenic artery laceration (n 1; 0.8%; Table V). Postoper-
ative complications reported following laparoscopic repair
included pancreatitis (n  1; 0.8%) and gastroparesis (n 
1; 0.8%). No procedure-related deaths were reported in any
of the laparoscopic series.
In the open group, the incidence of major postopera-
tive complications was 6.5%. The most common reported
complication was a thrombosed bypass graft (n  6; 2%).
Other complications following open repair were stroke
(n 4; 1.4%), gastroesophageal reflux disease (n 3; 1%),
pancreatitis (n  3; 1%), hemothorax (n  1; 0.3%), and
splenic infarction (n  1; 0.3%). No procedure-related
deaths were reported in any of the open series.
DISCUSSION
Harjola reported the first case of MALS in 1963, and
Dunbar further described it as a clinical syndrome in his
landmark paper in 1965.1,21 The MAL is comprised of a
prominent fibrous arch, which traverses the aorta cephalad
to the celiac artery origin and bridges the crura of the
diaphragm. The celiac plexus (or ganglion) is adjacent to
the MAL and originates from preganglionic splanchnic
nerves, somatic branches from the phrenic and vagus
nerves, parasympathetic preganglionic nerves, and sympa-
thetic postganglionic fibers.
Patients with MALS traditionally present with chronic
abdominal symptoms and radiographic evidence of celiac
artery compression. This syndrome appears to be more
common in women than men. The pathophysiology of this
disorder is poorly understood, and its symptoms have been
attributed to both ischemic and neurogenic etiologies.
There is conflicting evidence supporting both mechanisms.
Compression of the celiac plexus somatic nerves by the
MAL may produce abdominal pain, and therefore, celiac
ganglionectomy associated with ligament release could, in
theory, provide relief, as does percutaneous celiac plexus
block in patients with chronic abdominal pain. The syn-
Table V. Intraoperative complications for patients who
underwent laparoscopic celiac artery compression for
median arcuate ligament syndrome (MALS)
Intraoperative complications Laparoscopic
Celiac artery bleeding 5
Pneumothorax 3
Aortic puncture 1
Phrenic artery laceration 1
Gastric artery bleeding 1
Suprarenal artery bleeding 1drome also occurs commonly in young patients with robust uisceral arterial collaterals from the superior and inferior
esenteric arteries, further suggesting neurogenic causal-
ty. Evidence supporting an ischemic etiology has been
eported by Mensink et al, where gastric tonometry was
sed to document evidence of mucosal ischemia in patients
ith MALS prior to treatment.12 The authors demon-
trated a significant increase in gastric pH in symptom-free
atients following celiac artery revascularization and MAL
elease.
Further confounding the true pathophysiologic mech-
nism of MALS is the high prevalence of asymptomatic
atients with similar radiographic evidence of celiac com-
ression. An autopsy study performed by Derrick et al
emonstrated extrinsic celiac compression by the MAL
resent in 21% of subjects.22 A review of 400 consecutive
eliac artery angiograms by Park and colleagues in asymp-
omatic patients undergoing hepatic tumor chemoemboli-
ation revealed that the percentage of patients with signif-
cant celiac artery stenosis and a pressure gradient of 10
m Hg was 7.3%.23
Our review of the literature reveals that the majority of
atients treated with either laparoscopic or open release of
he MAL achieved immediate postoperative pain relief.
eliac artery reconstruction appears to be more commonly
erformed during open surgical MAL lysis, but a significant
umber of patients obtained relief with ligament release
lone in both groups. This contrasts with the findings by
eilly and colleagues who reported the largest series of
ALS patients treated with laparotomy and MAL decom-
ression.8 They demonstrated that patients who under-
ent MAL release and celiac revascularization had lower
ate symptom recurrence than patients treated with liga-
ent release alone (24% vs 44% recurrence).
Although laparoscopic MAL release is a relatively new
echnique, it also appears to be efficacious in providing
arly symptom relief in patients with this syndrome. Only
4% of patients required additional celiac revascularization
endovascular or open) compared with the open group.
owever, the rate of open conversion was high in this
roup (9.1%). This represents an important point of discus-
ion for surgeons recommending this treatment given the
igh morbidity associated with acute bleeding of the su-
raceliac aorta and its branches. The high rate of conversion
ay be attributed to the learning curve associated with this
echnique, since all current published series of laparoscopic
AL release have relatively small numbers of patients. In
ur series, the majority of the open conversions occurred
arly in our experience. Refinement of techniques and
mproved identification of high-risk patients may decrease
he incidence of open conversion in future series. We have
ecently performed robotic release of the MAL with good
esults at our institution, although no formal series describ-
ng this technique has been published. Advantages of this
echnique may include improved dexterity and visualiza-
ion compared with conventional laparoscopy, and further
tudy is needed to validate this approach.24
Because evidence suggests that MALS may be attrib-
ted to extrinsic compression of the celiac plexus, we
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theMAL and the surrounding nerve ganglion in both open
and laparoscopic cases. This releases the extrinsic compres-
sion at the origin of the celiac artery by the overlying
ligament fibers and alleviates compression of the nerve
plexus. A current treatment algorithm for patients with
MALS at our institution is presented in the Figure.
Late symptomatic recurrence appeared to be similar in
both groups and relatively uncommon (10%). This con-
trasts with the late recurrence of symptoms demonstrated
in our institutional series, which was 38% and 50% for the
laparoscopic and open groups, respectively. Improved un-
derstanding of the pathophysiology of this disorder may
improve patient selection and allow us to better anticipate
patients’ response to treatment, which remains difficult to
predict. Because of the relatively short-term follow-up of
patients treated with laparoscopic and endovascular tech-
niques, there is insufficient evidence to determine whether
patients treated with angioplasty and stenting are more
likely to experience restenosis or recurrence of symptoms
compared with patients treated with open revasculariza-
tion. It should be noted that a limitation of summarizing
data from small individual series may lead to publication
bias toward success and magnify the apparent benefit of the
procedure.
CONCLUSIONS
The available evidence demonstrates that both laparo-
scopic and open ligament release, celiac ganglionectomy
(laparoscopic and open), and celiac artery revascularization
(open and endovascular) may provide sustained symptom
relief in the majority of patients diagnosed with MALS.
Fig. Current treatment algorithm for median arcuate lig
resonance angiography.Although arterial revascularization has been identified as aeterrent to late symptom recurrence, its true role in these
atients is not clear, since MAL release alone appears to
rovide similar relief in the majority of reported series. The
ate of open conversion with the laparoscopic approach is
igh, although no early perioperative deaths have been
eported.
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